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ABSTRACT

The Goldstone Deep Space Communications Complex (GDSCC), located in the
Mo jave Desert about 40 miles north of Barstow, California, and about 160 miles
northeast of Pasadena, is part of the National Aeronautics and Space Adminis-
tration's (NASA's) Deep Space Network, one of the world's largest and most
sensitive scientific telecommunications and radio navigation networks. The
Goldstone Complex is managed, technically directed, and operated for NASA by
the Jet Propulsion Laboratory (JPL) of the California Institute of Technology
in Pasadena, California.

Activities at the GDSCC are carried out in support of six large parabolic
dish antennas. These activities may give rise to a variety of environmental
hazards, particularly the danger of exposure of GDSCC personnel to asbestos
fibers that have been shown to be responsible for such serious ailments as
asbestosis, lung cancer, and mesothelioma.

Asbestos-containing materials (ACMs) were used in the construction of many
of the approximately 100 buildings and structures that were built at the GDSCC
during a 30-year period from the 1950s through the 1980s. Most of the con-
struction took place before it was known that asbestos could be hazardous to
human health.

Thus, M. B. Gilbert Associates (MBGA), Long Beach, California, was
retained by JPL in 1986 and 1987 to carry out two asbestos field surveys at
the GDSCC: a comprehensive survey to locate, classify and quantify all ACMs
then in use in the diverse buildings and a more limited survey of selected
roofs and boilers. The MBGA reports on these surveys provided guidance and
suggestions for asbestos abatement and management plans for the GDSCC. An
expanded version of the two survey reports was published as JPL Publication
87-4, Volume &, Environmental Projects: Asbestos Survey (February 1, 1988).

Friable asbestos is material that contains more than one-percent by weight
of asbestos and can easily be crumbled, pulverized, or reduced to powder by
hand pressure when it is dry. Because this form of asbestos is most likely to
release potentially dangerous asbestos fibers into the environment, its abate-
ment and removal received top priority at the GDSCC.

In December 1987, Engineering-Science, Inc., Pasadena, California, sub-
mitted a Preliminary Engineering Report to JPL that dealt with friable asbestos
abatement involving the removal of asbestos—containing thermal pipe and boiler
insulation from 10 buildings/structures, and the removal and replacement of
three boilers and their piping insulation.

The present report, which describes the friable asbestos—abatement program at
the GDSCC, consists of the text, illustrations, and tables that describe the
friable asbestos abatement carried out at the GDSCC from December 21, 1988, to
its end on May 11, 1989. All records and archival material pertinent to the
jimplementation of the friable asbestos—abatement program can be found in
Friable Asbestos Abatement Supplemental Records, JPL D-7450 (internal
document), Jet Propulsion Laboratory, Pasadena, California.

As a result, friable asbestos, as a potential environmental danger, has
now been eliminated from the GDSCC.
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GLOSSARY

ACM Asbestos Containing Material

ATHA American Industrial Hygiene Association
APCD Air Pollution Control District

AQMD Air Quality Management District

B1M U.S. Bureau of Land Management

CAC California Administrative Code

Cal/OSHA California Occupational Safety and Health Administration

CFR Code of Federal Regulations
DHS Department of Health Services (California)
DOSH Division of Occupational Safety and Health (California)
DSCC Deep Space Communications Complex
DSN Deep Space Network
DSS Deep Space Station
EIC Engineer in Charge
EPA U.S. Environmental Protection Agency (see U.S. EPA)
E-S Engineering-Science, Inc., Pasadena, California
f/cc fibers per cubic centimeter
FAC Facility Asbestos Coordinator
FEV forced expiratory volume (lungs)
FVC forced vital capacity (lungs)
GDSCC Goldstone Deep Space Communications Complex
HEF High-Efficiency (Antenna)
HEPA High-Efficiency Particulate Air (Filter)
HVAC Heating, Ventilating and Air Conditioning
JPL Jet Propulsion Laboratory
LRWQCB Lahontan Regional Water Quality Control Board
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MBGA

MSDS

MSHA

MTF

NASA

NESHAPS

NIOSH

NOAA

NTC

OSHA

PAT

PEL

PER

R&D

RI

SAI

SBAPCD

SETI

SOPs

STS

TDA

TDS

TSCA

TWA

U.S. EPA

VLBI

M. B. Gilbert Associates, Long Beach, California
Material Safety Data Sheet

Mine Safety and Health Administration

Microwave Test Facility

National Aeronautics and Space Administration

National Emission Standards for Hazardous Air Pollutants
National Institute for Occupational Safety and Health
National Oceanic and Atmospheric Administration
National Training Center (U.S. Army)

Occupational Safety and Health Administration
Proficiency Analytical Testing

Permissible Exposure Limit

Preliminary Engineering Report

research and development

Refractive Index

Spray-Applied Insulation

San Bernardino Air Pollution Control District

Search for Extraterrestrial Intelligence

Standard Operating Procedures

Space Transportation System (Space Shuttle)

Office of Telecommunications and Data Acquisition (JPL)
Total Dissolved Solids

Toxic Substances Control Act

Time-Weighted Average

United States Environmental Protection Agency (see EPA)

Very Long Baseline Interferometry

vi



II.

CONTENTS

INTRODUCTION .« « o ¢ o o o o o o o o o o o o o o o0 0 0 2 000

A.

STATEMENT OF PROBLEM . . . « &« &« o o o o o o = v 0000
THE NATURE OF ASBESTOS . . « « o « « o ¢ & o o 0 o o = 0

ENVIRONMENTAL AND HEALTH PROBLEMS ASSOCIATED WITH
ASBESTOS o o o o o o o o o o o s o o s o o o o 0 s e

1. History of Asbestos Use . « . « « « « o o = o ¢ = @
2. History of Asbestos-Caused Diseases .+ o o o o o o o
GENERAL CHARACTERISTICS OF ASBESTOS-CAUSED DISEASES . . .
1. Inhalation and Ingestion of Asbestos Fibers . . .

2. Relationship Between Type of Asbestos Fibers
and DiSEASe .« « « + o+ 4 e s os e s s e e e e e e

3. Theories as to How Asbestos Fibers Cause Disease . .
ASBESTOS—CAUSED DISEASES . « o« « o ¢ o o o o o o o 0 o o

1. ASDESLOSIS o o o o o o o o o o e 4 e e e s e e 0o
2. Lung Cancer . . « « o « = « o o o & o & o =+ 0000
3. Mesothelioma .« o o+ « o « o o o o o o o o & ¢ o o o =
4. Gastrointestinal Cancers . « « « « o« ¢ o ¢ o o o © =«

5. Potential Health Risk as a Function of Airborme
Asbestos Levels and Exposed Population Exposure . . .

REGULATIONS THAT GOVERN MANAGEMENT OF ASBESTOS . .« « « « « o o =

INTRODUCTION « ¢ o ¢ o o o o o o« o o o o o o o o & o ¢
FEDERAL REGULATIONS . . « « & ¢ o o o o o o o s o o o o ¢
CALIFORNIA REGULATIONS . . « « & « o« o o & o o o o o o o

1. Water Quality Requirements: Lahontan Regional
Water Quality Control Board . . . . « « « « « = =« =

2. Air Quality Requirements: San Bernardino Air
Pollution Control District (SBAPCD) . . « « & « o o -«

vii

1-1

1-1

1-1

1-2

1-2

1-3

1-8

1-9

1-9

1-9

1-10

1-10

1-10

1-10

1-11

1-11

2-1

2-1

2-1

2-3



III.

3. Hazardous Waste Requirements:
Department of Health Services

4, California OSHA . . . . . . .
5. Local Requirements: Roofing
NASA GUIDANCE . . . . . . . . ..

SUMMARY OF ASBESTOS REGULATIONS .

THE GOLDSTONE DEEP SPACE COMMUNICATIONS

A.

B.

LOCATION OF THE GDSCC . . . . . .
FUNCTIONS OF THE GDSCC . . . . .
FACILITIES AT THE GDSCC . . . .

ANTENNA STATIONS AT THE GDSCC . .
1. Echo Site (DSS-12) . . . . .
2. Venus Site (DSS-13) . . . .

3. Mars Site (DSS-14 and DSS-15)

California

.

(GDSce)

4.  Apollo Site (DSS-16, DSS-17 and DSS-18) .

5. Mcjave Base Site (NOAA Antenna)

SUPPORT FACILITIES AT THE GDSCC .

1. Goldstone Dry Lake Airport .

2. Microwave Test Facility and Fire-Training Area

3. Miscellaneous Buildings in the GDSCC Area .

4, Off-Site Facility at Barstow, California .

NON-STRUCTURAL SUPPORT FACILITIES AT THE GDSCC

1. Transportation Network . . .

2. Utilities and Services . . .

.

SOLID-WASTE MANAGEMENT FACILITIES AT THE GDSCC .

WASTEWATER MANAGEMENT FACILITIES AT THE GDSCC .

viii

2-3

2-3

2-4

2-4

2-4

3-1

3-1

3-3

3-7

3-7

3-7

3-8

3-8

3-9

3-9

3-9

3-9

3-9

3-9

3-9

3-11

3-11



I. OPERATIONAL RELATIONSHIPS BETWEEN THE GDSCC
AND FORT IRWIN . .« o ¢ o o o o o oo o0 v 00 0000

J. NATURAL ENVIRONMENTAL ASPECTS OF THE GDSCC . . . .
1. GEOLOGY + o o o « o + & o o =+ ¢ = s 00t
2. Hydrology « « « « = = « = « ¢+ = = =t 000 .
3. Climatic Conditions . . « « « o = v o o o o o

IV. THE ASBESTOS SURVEY AT THE GDSCC

.
.

.

.
.
.
.
.
.
.

A. INTRODUCTION & & « o o o+ o o o o o o o o0 om0t

B. ASBESTOS-SURVEY OBJECTIVES .

C. SCOPE OF THE ASBESTOS SURVEY . . « o« o 0o e v e

1.

4,

Selection of Buildings and Structures
to be Investigated . . . « < ¢ o o o o o e oo

Selection of Roofs and Boilers of
Specific Buildings to be Investigated . . . . -

Asbestos Uses Included in the Survey of
Buildings/Structures at the GDSCC « v + o« &« o

Asbestos Uses Included in the Survey of
Roofs and Boilers .« « ¢« « « « o o o o o o o o

D. ORGANIZATION OF JPL PUBLICATION 87-4, VOLUME &4,
ENVIRONMENTAL PROJECTS: ASBESTOS SURVEY

(FEBRUARY 1, 1988) . . v « o o o v v o e 0o e v 000

v. SUMMARY AND CONCLUSIONS OF THE ASBESTOS SURVEY AT THE GDSCC

A. GENERAL FINDINGS . « « « &« & o o & o o o o & = o

1.

2.

Occurrences and Uses of Asbestos in
Buildings/Structures at the GDSCC . . . . . - -

Occurrences of Asbestos-Containing Materials in Roofs

and Boilers at Specified Buildings at the GDSCC

Incidental Uses of Asbestos—-Containing
Material at the GDSCC . . . « « « « o & « =

Quantities of Asbestos in Buildings and
Structures at the GDSCC . . .« « « ¢ « o o = & o

ix

3-11

3-12

3-12

3-12

3-12

4-3

4-3

4-3

4-3

4-3

4-4

5-1

5-1

5-7

5-8



VI.

FRIABLE ASBESTOS ABATEMENT PROGRAM AT THE GDSCC
A.

B.

6.

CONDITION OF ASBESTOS IN BUILDINGS AND

Estimated Quantities of Asbestos-Containing
Materials Found in Roofing Materials and Boiler

Insulation at the GDSCC . .

Asbestos-Sampling Programs .

STRUCTURES AT THE GDSCC . . . . .

RATIONALE FOR SUGGESTED TIMING OF ASBESTOS ABATEMENT

INTRODUCTION . . . . . .

GENERAL COMMENTS . . . . . . . .

1.

ASBESTOS-ABATEMENT ALTERNATIVES THAT WERE CONSIDERED
IN LIEU OF AN ASBESTOS-ABATEMENT PROGRAM THAT REMOVED
ALL FRIABLE ASBESTOS FROM PIPE INSULATION AND BOILERS

1.

2.

DETAILS CONCERNING TOTAL FRIABLE-ASBESTOS ABATEMENT

1.

2.

Condition of Asbestos-Containing Pipe Coverings

-

.

at the GDSCC Before the Asbestos—Abatement

Program . . . . . . . . ..

Condition of Boilers at the GDSCC Before the

Asbestos-Abatement Program .

Alternative One: No Action
Alternative Two:

Removal and Replacement . .

Alternative Three:

of Other Friable Asbestos .
Alternative Four:

at the GDSCC . . . . . . .

General Considerations

Air Monitoring . . .

Duties and Responsibilities of the Friable

Asbestos Abatement Contractor

.

-

.

.

-

.

Removal of Only the Friable
Asbestos-Covered Pipe Fittings During Boiler

Removal of Only the Friable
Asbestos-Covered Pipe Fittings and Pipes During
Boiler Removal and Replacement; Encapsulation

Complete Removal of Friable
Asbestos From Pipe Insulation and Boilers

5-11

5-11

5-12

6-1

6-2

6-2

6-3

6-3

6-3

6-4

6-4

6-5

6-5



E. REPLACEMENT OF BOILERS AT THE GDSCC THAT CONTAINED
OR WERE ASSOCIATED WITH FRIABLE ASBESTOS « « & o« « o o =« + =«
F. ACTUAL IMPLEMENTATION OF THE FRIABLE ASBESTOS
ABATEMENT PROGRAM AT THE GDSCC . . « & o ¢ o oo e om0 000
G. BUILDING-BY-BUILDING DESCRIPTION OF FRIABLE
ASBESTOS ABATEMENT AT THE GDSCC . . . « - « ¢ @ = = = & = = °
1. EChO SIte « o « « o o o o o o o o o o o @ o o o 0 2000
a. Building G=21 . . « « ¢ o o o o o o 0000000
b. Building G=23 . « « « o « « o o s e e e e e e
c. Building G=26 . . « + « « o « o ¢ o s s o= 00
d. Building G=33 . « « « o o + o o o o e e e e o0t
e. Building G-=38 . .« « « o « o o o s o 0 e o0 e
2. Venus Site « « « o o o o o o o e e e e e e e s 00
a. Building G-=51 .« « « « o o o o ¢ o o e s e o=
3. Microwave Test Facility . « « « o ¢ o o 0 000 e o = 0
a. Building G=72 « « &« « o o o« o o o o e e e 0000
4, MArs Site o « o o o o o o o s o e e e e s e et
a. Building G=86 . .+ « « « « « o o o o s o 0000
3. Mojave Base Site . « o o ¢ ¢ o o e e e e e s 0
a. Building M=6 . + « « « o o ¢ o o o o e e e 0
b. Building M=9 . « « « « o o o e e e e e e e
VII. CERTIFICATION . « & o o o o o o o o o o o o e om0 000 08 000
APPENDIXES
A. TERMINOLOGY AND DEFINITIONS OF WORDS AND TERMS ASSOCIATED
WITH ASBESTOS IN THE ENVIRONMENT . . . . .+ o = o ¢ = 0 o o °
B. NASA OCCUPATIONAL HEALTH OFFICE GUIDELINES (1983) FOR
ASBESTOS HAZARD-ASSESSMENT AND ABATEMENT . . . « .« « =
C. LETTERS AND DISCLAIMERS, SENT FROM M. B. GILBERT ASSOCIATES

TO THE JET PROPULSION LABORATORY, THAT ACCOMPANIED SUBMITTED
REPORTS DESCRIBING THE TWO ASBESTOS FIELD SURVEYS CONDUCTED
AT THE GOLDSTONE COMPLEX . . « & o o o o = o o o o ¢ o = ° 0

x1i

6-7

6-15

6-15

6-27

6-27

6-27

6-50

6-50

6-69

6-69

6-69

6-69

6-88

6-88

6-88

7-1

B-1

c-1



10.

11.

12.

BUILDING-BY-BUILDING SAMPLE RESULTS OF ASBESTOS
SURVEY AT THE GDSCC/BARSTOW . . . . . . . . . . . . .

BIBLIOGRAPHY OF PERTINENT REGULATORY DOCUMENTS
DEALING WITH ASBESTOS . . . . . . . v v v o v v v .. e

LETTER AND ACKNOWLEDGMENT SHEET CONCERNING ASBESTOS
AWARENESS SENT BY J. E. McPARTLAND, MANAGER OF THE
GDSCC, TO ALL GDSCC EMPLOYEES . . . . . . . . . . . .. ..

GROUPS INVOLVED IN THE FRIABLE-ASBESTOS REMOVAL
WORK AT THE GDSCC . . . . « v v v v v v v v e . . e

UNIFORM HAZARDOUS WASTE MANIFEST FOR THE TRANSPORT OF
FRIABLE ASBESTOS DEBRIS FROM THE GDSCC TO A HAZARDOUS
WASTE LANDFILL IN JOSEPH CITY, ARIZONA . . . . . . . . .

Modes and Rates of Asbestos Fiber Dispersal . . . . . ., . .

Geographic Relationship of the Goldstone Deep Space
Communications Complex to JPL in Pasadena . . . . . . . . .

The Three-Continent NASA Deep Space Network as It
Exists in 1990 . . . . . . . . .. .. ... ... ..

Schematic Map of the Goldstone DSCC Showing Locations
of the Five NASA Deep Space Stations (DSSs) and the
Mojave Base Station Operated by NOAA . . . . . ... ...

Major Roads Leading to and at the Goldstone DSCC . . . . .
Echo Site: Plot Plan . . . . . . . . . . . . . . . . ..
Echo Site: Administration and Cafeteria Building G-21 ., .

Typical Asbestos-Containing Floor Tiles in Building G-21
and in Many Other Buildings at the GDSCC. . . . . .

Echo Site: Building G-21. BEFORE Asbestos-Removal.
Mechanical Equipment Room 127 With Pipe Lagging
Containing Friable Asbestos . . . . . . . . . . . .

Echo Site: Building G-21. AFTER Asbestos-Removal.
Mechanical Equipment Room 127 With Friable Asbestos.
Pipe Lagging Removed and Replaced With Armaflex

and Fiberglass Insulation . . . . . . . . . . . .

Echo Site: Building G-21, Boiler Room 128 Showing
Typical Pipe Lagging Containing Friable Asbestos . . . .

Echo Site: Dormitory Building G-23 . . . . . . . . . . . .

xii

3-4

3-5

3-10

6-16

6-24

6-25



13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Echo Site: Control Building G-26 . « « « « & + « o o o
Echo Site: Roofing Material of Control Building G-26 .

Echo Site: Engineering and Communications
Building G-33 . « « « ¢ « o s e e e e e e e s e e e

Echo Site: Building G-33. BEFORE Asbestos Removal.
Mechanical Equipment Room 14l With Pipe Lagging
Containing Friable Asbestos . . « « « o o ¢ o v 0o 0 o0

Echo Site: Building G-33. AFTER Asbestos Removal.
Mechanical Equipment Room 141 With Asbestos Pipe Lagging
Removed and Replaced With Armaflex Insulation . . « . . .

Echo Site: Network Laboratory and Maintenance
Facility Building G-38 . « . « « « « o o o v o0 v v

Echo Site: Network Laboratory and Maintenance
Facility Building G-38 . . . « « & « o v o o o 0 o0 o

Echo Site: Building G-38. BEFORE Asbestos Removal.
Mechanical Equipment Room 115 With Pipe Lagging
Containing Friable Asbestos . . . « « « = o o« o o o ¢

Echo Site: Building G-38. AFTER Asbestos Removal.
Mechanical Equipment Room 115 With Friable Asbestos

Pipe Lagging Removed and Replaced With Armaflex

and Fiberglass Insulatiom . . . « « « « o ¢ o o 0 0 o o -

Venus Site: Existing Site Plan Before Construction
Began for New 34-Meter Antenna . . . « « ¢ ¢ « = ¢ = ¢

Venus Site: Existing Site Plan and Site Plan for New

34-Meter Antenna Now Under Construction . . . . . . .
Venus Site: Control Building G-51 . . « « « « « « « =
Microwave Test Facility Plot Plan . . . « « « & - « =

Microwave Test Facility: Microwave Test
Facility Building G-72 . . . . « « « o« o o o o o o o ¢

Microwave Test Facility: Roofing Material of Microwave
Test Facility Building G-72 . . « « « « « o o « o o & o =

Microwave Test Facility: Building G-72. BEFORE Asbestos
Removal. Mechanical Equipment Room 111 With Pipe Lagging
Containing Friable Asbestos . . . « « « ¢ « o ¢ o o o o

Microwave Test Facility: Building G-72. AFTER Asbestos
Removal. Mechanical Equipment Room 111 With Friable
Asbestos Pipe Lagging Removed and Replaced With Armaflex
and Fiberglass Insulation . . . . « « « ¢ o o o o o o o

xiii

6-40

6-41

6-49

6-51

6-52

6-58

6-59

6-60

6-60

6-62

6-63

6-68

6-70

6-77

6-78

6-79

6-80



30.
31.

32.

33.
34.
35.
36.
37.

38.

39.

40.

Tables

Mars Site: Plot Plan . . . . . . ., . . . . C e e e e e
Mars Site: Operations Support Building G-86 . . . . . .

Mars Site: Roofing Material of Operations Support
Building G-86 . . . . . . . . . ... ... .. e e .

Mojave Base Site: Plot Plan . . . . . . . . .« .

Mojave Base Site: Telemetry Building M-6 . . . . , . .
Mojave Base Site: Generator Building M-9 . . . . ., . .
Echo Site: Fire Line Pump House G-22 . . . . o e e e
Echo Site: Office and Storage Building G-27 . . . . .

Venus Site: 30' Hydro-Mech and Transmitter
Building G-58 . . . . . . . . . ... ... .. .

Echo Site: Asbestos~Containing Insulation Around Fire
System Water Supply Pipe Exterior to Fire Line Pump
House. G-22 Has Typical Asbestos~Containing Insulation
Covering Exterior Pipes That Enter or Leave Buildings
G-22, G-27, G-38, G-58 and M-6 at the GDSCC . . . . e

Illustration of "Glove Bag" Apparatus Used in the
Removal of Small Areas of Asbestos . . . . . . . . e

Asbestos-Forming Silicate Minerals . . . . . . . .« . .

Various Types of Friable and Non-Friable Asbestos
Materials and Products (as of 1977) . . . . . . . . . ..

Major Facilities at the GDSCC . . . . . . . . . . . ..

Summary of Findings of Buildings Surveyed for Asbestos-
Containing Materials at the GDSCC . . . . . . . . . . .

Results of Tests for Asbestos-Containing Materials in
Roofs and Boilers at Specified Buildings at the GDSCC .

Asbestos-Containing Materials Found at the GDSCC . . e
Quantities of Asbestos-Containing Materials Found in
Roofing and Boilers at Specified Buildings Surveyed

at the GDSCC . . . . . . . . . . ... e e e e e e e e

Condition of Asbestos at the GDSCC and Recommended
Abatement Timing . . . . . . . . . . . ... .. ...

xiv

6-81

6-86

6-87

6-89

6-92

6-94

6-96

6-98

6-100

6-101

6-102

1-2

1-5

3-6

5-3

5-6

5-9



Condition of Asbestos in Roofs and Boilers at Specified
Buildings at the GDSCC and Recommended Abatement Timing . . . 5-17

Cuidance for the Selection of the Suggested Timing
for Asbestos—Abatement Procedures . . . . « ¢ o o e e e 00 5-19

Chronology of Work Involved in Abatement /Removal
of Friable Asbestos at the GDSCC . . . . « o « o o o 0 v o e 6-8

Summary of Asbestos-Containing Materials Survey
Information at the GDSCC . . « « « & o o o ¢ « o o« = o = = 6-12

XV






SECTION I

INTRODUCTION

A. STATEMENT OF PROBLEM

Large quantities of asbestos-containing materials commonly have been
used at National Aeronautics and Space Administration (NASA) facilities both
as insulation and materials of construction in buildings/structures constructed
prior to 1978. It now is accepted, however, that inhalation and/or ingestion of
airborne asbestos fibers poses a significant health hazard. As a result of

these findings, many NASA facilities have implemented extensive
asbestos—abatement programs as a preventive measure.

One of the NASA facilities involved in an asbestos—abatement program is
the Goldstone Deep Space Communications Complex (GDSCC), which is described in
Section III of this report. The GDSCC is managed, technically directed, and
operated for NASA by the Jet Propulsion Laboratory (JPL) of the California
Institute of Technology, Pasadena, California.

Federal, state, and local laws governing the management of asbestos,
have become so complex that a need has been created to structure programs to
comply with the many regulations implementing these laws. NASA, JPL, and the
GDSCC, in supporting the national goal of preserving the environment and
protecting human health and safety, have adopted a position that operating
installations shall maintain a high level of compliance with these laws, based
on a policy of prevention rather than reaction. Under supervision of JPL's
Office of Telecommunications and Data Acquisition (TDA), efforts have been
initiated at the GDSCC to develop and implement programs that focus on various
environmental issues, including asbestos control and abatement.

B. THE NATURE OF ASBESTOS

The term "asbestos' does not refer to a single chemical substance, but
is a common generic term given to a group of diverse, naturally occurring
inorganic materials (silicate minerals). Under certain rare conditions, these
minerals can crystallize abnormally into bundles of thousands of strong and
flexible fibers that resemble fine threads. Asbestos, as a fibrous mineral,
is mined and milled into numerous, commercially useful products.

Although the diverse asbestos minerals vary in their chemical
compositions, they all show the following, commercially useful characteristics:

(1) They do not burn (incombustibility).

(2) They have high tensile strength.

(3) They have high flexibility,

(4) They provide good thermal and electrical insulation.

(5) They have good noise absorption.

(6) They are resistant to corrosive chemicals (acids, lyes, etc.).



All commercial varieties of asbestos are examples of minerals called
silicates. These are minerals in which the backbone of the crystal lattice is
formed by SiO,; tetrahedra. The two groups of silicate minerals that give
rise to the varieties of asbestos are known mineralogically as serpentines and
amphiboles (Table 1).

C. ENVIRONMENTAL AND HEALTH PROBLEMS ASSOCIATED WITH ASBESTOS
1. History of Asbestos Use

Because it does not burn, asbestos has been used sporadically
since the time of the ancient Greeks, more than 2,000 years ago. Some
historical examples of the use of asbestos include a tablecloth woven from
asbestos fibers for Charlemagne (8th century), a report by Marco Polo of the
Chinese use of asbestos in gunpowder (13th century), and a purse owned by
Benjamin Franklin that was woven with asbestos fibers (18th century).

Table 1. Asbestos-Forming Silicate Minerals

Usage in
Silicate Commercial
Mineral Type of Common Physical Application  Where
Name Asbestos Name Characteristics (%) Mined
Serpentine Chrysotile®  White Fine, flexible 90 Canada,
Asbestos silky fibers with USSR
high tensile
strength
Amphibole
Groupb
Riebeckite Crocidolite Blue Brittle fibers 2-5 South
Asbestos Africa
Cumming- Amosite€ Brown Brittle fibers 5-8 Transvaal,
tonite- Asbestos that bond well South
grunerite with plastics Africa

AMost widely used form of asbestos.

bOther amphibole asbestos varieties, known as tremolite, actinolite, and
anthophyllite, are rarely used in structures and commercial products.

CThe name "amosite" is an acronym derived from the name of the company that
mines it: Asbestos Mines of South Africa.
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In modern times, the large—-scale use of asbestos began about 1900 with
the production of roofing coatings and with the manufacture of fire blankets.
Since then, because of the unique properties of asbestos, more than
3,600 products that contain asbestos have been produced for commercial use in
the United States. Some alphabetically listed examples of asbestos—containing
materials that have been produced include acoustical ceiling tiles, asphalts,
automobile brake linings, boiler insulation, cements, coatings for interior
and exterior surfaces, fire-fighting equipment, floor tiles, mastics,
millboard, pipes, pipe lagging, plasterboard, putties, roof shingles and tiles,
ropes, spackles, theater curtains, wallpapers, and woven cloth and yarns.

Thus, asbestos is nearly ubiquitous in public and industrial settings.

From the above, it may seem that asbestos—containing materials can be
divided into the following two categories of products:

(a) Category I: Textile products (woven cloth) and friable (easily
crumbled or pulverized) materials. Friable asbestos materials,
such as sprayed-on interior coatings in buildings, offices and
schools, potentially can be dangerous, because by crumbling,
pulverizing, or powdering, they can release asbestos fibers into
the surrounding environment. The various ways asbestos fibers can
be dispersed within a room with a sprayed-on, asbestos—containing
ceiling material is depicted in Figure 1. Asbestos insulation
found in boilers at the GDSCC typically is friable.

(b) Category II: Matrix-bonded composite products that are hard and
non-friable, including roof and floor tiles, cement pipes, and
transite boards. These composites, in which the asbestos fibers
have been tightly bound in a matrix of cement, organic resins, or
other binding materials, normally do not create an asbestos-—
exposure hazard. If ground, sanded, or sawed, however, these
composites can release asbestos fibers into the air. Asbestos in
roofing materials at the GDSCC typically is non-friable.

A list of the more common types of friable and non-friable asbestos-
containing materials in use in the United States is shown in Table 2.

About 70% of all asbestos usage in the United States has been in
construction materials. The U.S5. use of asbestos peaked in 1973 with a
consumption of slightly more than 800,000 metric tons (about 880,000 U.S.
short tons). Only 1l years later, because of reports pointing to the negative
impact of asbestos on human health, the use of asbestos in 1984 fell 75% to
only slightly more than 200,000 metric tons (221,000 U.S. short tons). The
variety of manufactured asbestos-containing products has dropped from more
than 3,600 different products to only about 500 today.

2. History of Asbestos-Caused Diseases

Both Strabo (a Greek geographer, 64 BC to AD 23) and Pliny the
Elder (a Roman scholar, AD 23-79) described lung sickness among slaves who
wove asbestos fibers into cloth. It was not until 1927, however, that this
asbestos—caused lung sickness was formally recognized and given the name
"asbestosis." Thus, just as the long-term inhalation of coal and rock dust
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gives rise to a disease called silicosis (black lung) in coal miners, the
long-term inhalation of asbestos fibers irritates the lungs and leads to
asbestosis among asbestos workers.

The relationship between asbestos and disease became more complex in 1949,
when a medical report was published that linked asbestosis with lung cancer.
The report pointed out that there was a greater incidence of lung cancers
proportionately among patients with asbestosis than among the general
population.

Nor was this all. 1In the 1960s, studies among asbestos workers in South
Africa showed a great increase in the number of patients with mesothelioma, a
previously extremely rare form of cancer. Almost exclusively, mesothelioma
victims were shown to be individuals who had been exposed to asbestos 30 to 40
years before the cancer's symptoms had become evident. There is a long latent
period between exposure to asbestos and the manifestation of clinical symptoms
of mesothelioma. Steve McQueen, the well-known actor, was a victim of
mesothelioma.

Thus, asbestos now is known to be involved in three major diseases:
asbestosis, lung cancer, and mesothelioma. Since asbestos fibers can scar
lung tissue, and cigarette smoke interferes with the normal function of lung
tissue, it is not surprising that individuals who have been exposed to high
concentrations of asbestos and who also smoke are about 50 times more likely
to develop lung cancer than is a non-smoker exposed to ambient low-level
concentrations of asbestos. The incidence of lung cancer in workers exposed
to asbestos would be markedly reduced if the workers did not smoke cigarettes.

Asbestos workers are not the only population at risk. Greater than normal
numbers of malignancies have been found in persons living and working in proximity
to asbestos manufacturing facilities and in households of asbestos workers.

D. GENERAL CHARACTERISTICS OF ASBESTOS-CAUSED DISEASES

The unique properties of asbestos that enhance its commercial usefulness
are the same properties that make it hazardous to humans.

Asbestos fibers are hazardous to health when breathed into the lungs
because of the following three properties:

(1) Asbestos fibers can splinter into smaller and smaller fibrils
until they become so tiny that they only can be detected with optical
and electron microscopes. The fibers can become smaller than red
blood cells or bacteria and can easily penetrate through the nasal
passages into the lungs.

(2) Because of their microscopically small size, asbestos fibers can
remain suspended in air for hours or days after any disturbance
(sweeping, dusting, etc.) has resulted in recirculation of
previously settled and accumulated fibers back into the air.

(3) Because of their chemical inertness and physical aspect ratio (much
longer than their diameters), asbestos fibers are resistant to

efforts by the body's immune system to remove them from the body.
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1. Inhalation and Ingestion of Asbestos Fibers

The breathing in (inhalation) of asbestos fibers now is definitely
linked to the development of three diseases: asbestosis, lung cancer, and
mesothelioma. At present, there is no definite evidence that asbestos fibers
that are ingested through food and drinking water are responsible for cancers of
the mouth, larynx, esophagus, stomach or the gastrointestinal tract. This is a
matter of concern, however, because since 1930, about 200,000 miles of asbestos
cement pipes have been installed in the United States for the transmission and
distribution of drinking water supplies. During their lifetimes, some Americans
ingest far more asbestos fibers in their drinking water than they inhale.

Once asbestos fibers are inhaled, they can become embedded in lung
tissue where they remain, presumably, for the lifetime of an individual. The
greater the concentration of asbestos to which the individual has been
exposed, the greater the risk of developing an asbestos—caused disease.

2. Relationship Between Type of Asbestos Fibers and Disease

All types of asbestos, whether the serpentine mineral (chrysotile)
or the amphibole minerals (amosite or crocidolite) can cause disease. There
is controversial evidence that indicates that chrysotile, the most commonly
used form of asbestos, may be less involved in the development of mesothelioma
than are the amphibole minerals. Chrysotile, however, is just as potent as
the amphiboles in causing lung cancer, a much more common form of cancer than
mesothelioma.

3. Theories as to How Asbestos Fibers Cause Disease

At present, although there are numerous theories and speculations,
it is not known how asbestos causes disease. Some researchers claim that the
deleterious effects of asbestos fibers are due to the physical nature of the
asbestos fibers rather than to their chemical composition. The size of the
fibers seems to be important. The aspect ratio of a fiber (ratio of a fiber's
length to its diameter) may play a key role. Thus, it has been reported in
experiments with rats that particular fibers, less than 0.25 pm in diameter
and longer than 8 um, were closely connected to the development of
mesothelioma.

If it is true that the harmful effects of asbestos arise because the
fibers act as slender, microscopically small "arrows,'" then fibers that have
been proposed as substitutes for asbestos (borosilicate glass, potassium
titanate, silicon carbide, zeolites and some aluminum compounds) also should
give rise to mesotheliomas if their fibers also have high aspect ratios.
There are some experiments to indicate that this, indeed, is the case.

Other researchers claim that asbestos fibers exert their harmful effects
because their specific chemical compositions alter the surface chemistry of
cell membranes. This suggests that, if asbestos minerals could be modified
chemically, they may become "gafe fibers' and no longer be harmful. This

concept now is under experimental investigation.

1-9



E. ASBESTOS-CAUSED DISEASES
1. Asbestosis

Asbestosis usually results after exposure to high concentrations
of asbestos fibers over a long period of time (15 to 35 years). The lungs
become scarred as a result of the body's reaction to the asbestos fibers
embedded in the lung tissue. The disease is progressive and continues to
worsen even after the victim no longer is exposed to asbestos. Asbestos
victims are at high risk to develop lung cancer.

The Environmental Protection Agency (EPA) has compiled information
revealing that the risk of asbestosis is negligible at exposure levels below
those allowed for asbestos workers. Some scarring of lung tissue may appear
on X-rays after many years of low exposure, but no impairment of respiratory
function is likely to occur.

2. Lung Cancer

Lung cancer accounts for more than half of the deaths of
individuals who have been exposed to asbestos. Most asbestos-caused lung
cancers become manifest after age 45. Smoking increases the risk.

A l-pack/day cigarette smoker exposed to asbestos increases by 50-fold his
risk of getting lung cancer as compared with a nonsmoker. By smoking 2 to 3
packs/day, a cigarette smoker increases the risk to 90-fold that of a non-
smoker. Asbestos workers are not the only population at risk. Excess
malignancies have been found in persons living and working in proximity to
asbestos-manufacturing facilities and also in households of asbestos workers.

3. Mesothelioma

Mesothelioma is a cancer of the tissues that line either the lung
(pleural mesothelioma) or the abdomen (peritoneal mesothelioma). It is an
extremely rare form of cancer in individuals who have not been exposed to
asbestos. The cancer has a long latency period of 25 to 40 years, between
exposure to asbestos and the appearance of symptoms. There is no cure for
mesothelioma, and victims usually die within a year after the disease is
diagnosed. There is no apparent relationship between smoking and mesothelioma,
as there is between smoking and lung cancer, for asbestos-exposed individuals.

In contrast to the EPA's finding that the risk of asbestosis is
negligible at exposure levels below those allowed for asbestos workers, the
incidence ot lung cancer and mesothelioma exceeds baseline rates even at very
low exposure levels. This conclusion is supported by the increased incidence
of lung cancer for workers experiencing the equivalent of five year's exposure
to airborne asbestos at the current Federal workpl